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PHASE TRANSITIONS OF NEMATIC MAIN-CHAIN POLYESTERS 
UNDER H I G H  PRESSURE 
V . N . R A J A ,  R.SHASHIDHAR, S.CHANDRASEKHAR 
Raman R e s e a r c h  I n s t i t u t e ,  B a n g a l o r e  560080, I n d i a ,  and 
A .  BLUMSTEIN, R.B.BLUMSTEIN, S. KUMAR 
Polymer S c i e n c e  Program, Depar tment  o f  C h e m i s t r y ,  
U n i v e r s i t y  of  Lowel l ,  L o w e l l ,  MA 01854, U S A  
Abstract. The n e m a t i c - i s o t r o p i c  (NI) a n d  c r y s t a l -  
n e m a t i c  ( K N )  t r a n s i t i o n  t e n p e r a t u r e s  were measured 
from a t m o s p h e r i c  p r e s s u r e  t o  1 k b a r  f o r  a homologous 
s e r i e s  o f  t h e r m o t r o p i c  p o l y e s t e r s  based  on r e g u l a r l y  
a l t e r n a t i n g  2,2'-dimethylazoxybenzene mesogen and  
a l k a n e d i c a r b o x y l i c  a c i d  s p a c e r .  The v a l u e s  of (dP/dT) 
f o r  t h e  N I  t r a n s i t i o n s  show a n  odd-even a l t e r n a t i o n  
w i t h  n ,  c o n s i s t e n t  w i t h  t h e  p r e v i o u s l y  r e p o r t e d  
a l t e r n a t i o n  o f  TNI and ( A H I N , .  The c h a r a c t e r i s t i c  tem- 
p e r a t u r e  T* c a l c u l a t e d  fo r  n = o d d  is a p p r o x i m a t e l y  
300 K ,  similar t o  t h e  v a l u e s  f o r  n o n c y b o t a c t i c  nema- 
t i c s .  On t h e  o t h e r  hand ,  f o r  n = e v e n ,  T* c o u l d  n o t  
be r e l i a b l y  c a l c u l a t e d ,  p e r h a p s  due t o  t h e  e x i s t e n c e  
o f  c y b o t a c t i c  o r d e r i n g .  A t  t h e  K N  t r a n s i t i o n  t h e r e  
i s  no s u c h  clear a l t e r n a t i o n  i n  (dP/dT) .  The s p e c i f i c  
volume changes  (AV)KN a t  m e l t i n g  are v e r y  small and  
comparable  i n  magni tude  w i t h  (AV),, . They a re  much 
smaller t h a n  t h e  c o r r e s p o n d i n g  v a l u e s  f o r  low molar  
mass l i q u i d  c r y s t a l s  and  c o n v e n t i o n a l  po lymers .  
T h i s  s u g g e s t s  t h a t  t h e  c r y s t a l s  of t h e s e  p o l y e s t e r s  
may have a h i g h  d e g r e e  of i m p e r f e c t i o n .  
INTRODUCTION 
The s y n t h e s i s  of a homologous series of t h e r m o t r o p i c  main- 
c h a i n  p o l y e s t e r s ,  based  on r e g u l a r l y  a l t e r n a t i n g  2 , 2 ' -  
dimethylazoxybenzene  mesogen and  a l k a n e d i c a r b o x y l i c  a c i d  
s p a c e r  was r e p o r t e d  p r e v i o u s l y .  ' The g e n e r a l  f o r m u l a  fo r  
t h e  p o l y e s t e r s  i s  g i v e n  below. 
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It was found t h a t  t h e  n e m a t i c - i s o t r o p i c  t r a n s i t i o n  tempe- 
r a t u r e  TN-I, as wel l  a s  t h e  t r a n s i t i o n  e n t h a l p y  ( A H )  
show a n  a l t e r n a t i o n  similar t o  t h a t  o b s e r v e d  i n  low molar  
mass l i q u i d  c r y s t a l s .  I n  t h e  p r e s e n t  p a p e r  we i n v e s t i -  
gate  t h e  e f fec t  o f  p r e s s u r e  on t h e  c r y s t a l - n e m a t i c  ( K - N )  
and  n e m a t i c - i s o t r o p i c  ( N - I )  t r a n s i t i o n s  on t h e s e  p o l y e s t e r s  
f o r  t h e  homologues n = 7  t o  1 4 .  
THE HIGH PRESSURE SET UP 
N - I  
An o p t i c a l  h i g h  p r e s s u r e  c e l l  was used  f o r  t h e  e x p e r i m e n t s .  
The polymer sample was sandwiched between two o p t i c a l l y  
p o l i s h e d  s a p p h i r e  c y l i n d e r s  and e n c l o s e d  i n  a f l u r a n  t u b e  
s o  t h a t  t h e  sample i s  i s o l a t e d  from t h e  p r e s s u r e - t r a n s -  
m i t t i n g  f l u i d  ( P l e x o l ) .  Details of t h e  c e l l  a r e  i d e n t i c a l  
t o  t h o s e  u s e d  i n  our e a r l i e r  s t u d i e s  on low m o l e c u l a r  
mass l i q u i d  c r y s t a l s  and l i p i d s .  2-4 The phase  t r a n s i t i o n s  
were d e t e c t e d  by t h e  o p t i c a l  t r a n s m i s s i o n  t e c h n i q u e .  
L i g h t  from a hel ium-neon laser  was i n c i d e n t  normaly  on 
t h e  sample  and  t h e  i n t e n s i t y  of t h e  l i g h t  t r a n s m i t t e d  by 
t h e  sample  i n  t h e  f o r w a r d  d i r e c t i o n  was measured by a 
p h o t o d e t e c t o r .  The e x p e r i m e n t s  were a l w a y s  condu2ted  
a l o n g  i s o b a r s  a n d  i n  t h e  h e a t i n g  mode, i . e . ,  k e e p i n g  t h e  
p r e s s u r e  c o n s t a n t  a t  a n y  d e s i r e d  v a l u e ,  t h e  t e m p e r a t u r e  
o f  t h e  sample  was i n c r e a s e d  a t  a l i n e a r  r a t e  o f  a b o u t  
1°C/min. The o n - s e t  o f  t h e  t r a n s i t i o n  was s i g n a l l e d  by 
a sudden change i n  t h e  t r a n s m i t t e d  l i g h t  i n t e n s i t y ( F i g .  1 ) .  
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F 
Temperature (OCI 
:is. 1 .  Raw tiaces showing the change in the tiansmitted 
light intensity at the (a )  ciystd-nematic and IbJ 
nematic-imtiapic tiansition& 602 the n =  I ri po4yestg.r. 
The pies~uies  aie (a )  263 bais and ( b )  67 bats. 
RESULTS 
A t y p i c a l  p r e s s u r e - t e m p e r a t u r e  (P-T) d iagram i s  shown i n  
F i g . 2 .  For a l l  t h e  compounds a least s q u a r e  f i t  o f  t h e  
d a t a  t o  a s t r a i g h t  l i n e  was c a r r i e d  o u t  f o r  b o t h  K-N a n d  
N-I t r a n s i t i o n s  and t h e  v a l u e  of  dP/dT was e v a l u a t e d .  
It  i s  s e e n  t h a t  (dP/dT)N-I shows a n  odd-even a l t e r n a t i o n  
w i t h  n ( F i g .  3 )  s imi la r  t o  t h a t  e x h i b i t e d  by T and 
measured a t  1 b a r ’  ( F i g .  4). S i m i l a r  i n s t a n c e s  
of  odd-even a l t e r n a t i o n  of (dP/dT)N-I h a s  been o b s e r v e d  
e a r l i e r  i n  t h e  case of  low m o l e c u l a r  mass l i q u i d  c r y s -  
t a l ~ . ~ ’ ~  On t h e o t h e r  hand ,  t h e  v a r i a t i o n  i n  (dP/dT) fo r  
t h e  K - N  t r a n s i t i o n  i s  much less pronounced a n d ,  i n  f a c t ,  
r e v e r s e s  i t s  t r e n d  f o r  h i g h  n ( F i g .  5 ) .  
N - I  
( A H)N-I 
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TPC) 
F i g . 2 .  P-T d iagmn  06 the  JL)O!YQA~Q'L w i t h  n =  10 
1.35 r 
0.25 - I I I I I I I I 
8 10 12 14 
n (Spacer) 
F i g .  3. Va.riatiun oh dPldT 607 t h e  nematic-isut.rupic 
tranhition w i t h  n. 
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F i g .  4.  Plot oh the nematic-iaotzopic tunbition tempezatuze ( T  ) N I  meaduwd at 1 baz V A .  n. and entha4py 0 6  tzanaition 
A c c o r d i n g  t o  t h e  C l a u s i u s - C l a p e y r o n  e q u a t i o n  
dT/dP T ( A V / A H )  , 
where  AV i s  t h e  volume c h a n g e  a t  t h e  t r a n s i t i o n .  U s i n g  
o u r  v a l u e s  of  dP/dT a n d  t h e  A H  d a t a  r e p o r t e d  ea r l ie r ,  
AV h a s  been  e v a l u a t e d  f o r  b o t h  K-N a n d  N - I  t r a n s i t i o n s .  
T h e s e  a r e  g i v e n  i n  T a b l e s  I a n d  I1 r e s p e c t i v e l y .  
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-pb 
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n(Spacer) 
F i g . 5 .  Plot 06 dP ldT 6vz thc crybtal-nematic [ K - N l  
transitionb vb. n. 
Table I. Thermodynamic data for the K-N transitions 
3 3 x 10 J/g°K x l o 3  cm / g  O K  3 J / O K  cm 
7 
8 
9 
10 
1 1  
12 
1 3  
1 4  
3 .64  
3 .93  
3 . 7 0  
3 .77  
3 .77  
3.58 
4 .15  
3 .92  
3. 137 p-azoxyanisole (PAA) 
17 .a7 4.92 
18.76 4 .73  
47.69 12.88 
49.65 13.15 
55.17 14.63 
41.74 11.65 
53 .82  12.97 
45.96 11.72 
256.3"' 95.29"' 
371 - 3  
409.8  
39 4 
391.2 
373. 8 
383.8 
379.8 
394 
390 
'From reference 1 .  
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T a b l e  11. Thermodynamic d a t a  f o r  t h e  N - I  t r a n s i t i o n  
n T N - I  A ’N-I 
- 
“ N - I  T* 
J/cm3 O K  x10 3 J/g°K x10 3 3  em /g  
O K  
7 
8 
9 
10 
1 1  
12 
13  
14 
PAA 
Pentamer  
437.6 3 . 3 5  
461.3 13 .2  
417.0 2 . 9 2  
436 .5  3.57 
405.8 2.78 
416.8 3.27 
395.8 2 . 9 9  
407.0 3.23 
7 408 .0  2 . 1  
1 0  - p-oxy-benzoate  
12 .82  
30.11 
13.74 
31.78 
16 .61  
33 .44  
17 .94  
3 4 . 4 0  
8 5 . 6  
8 .8  
3 .82  
2 .28  
4 . 7 0  
8 . 9 0  
5 . 9 7  
1 0 . 2 3  
6 . 0 0  
10.65 
3 .  7g9 
306 
I n  t h e  c a s e  o f  low molar  mass l i q u i d  c r y s t a l s  i t  i s  s e e n  
t h a t  t h e  volume change a s s o c i a t e d  w i t h  t h e  N - I  t r a n s i t i o n  
i s  o n l y  a small  f r a c t i o n  of t h a t  of t h e  K-N t r a n s i t i o n .  
For i n s t a n c e ,  for p - a z o x y a n i s o l e  (PAA) t h e  volume change 
a t  t h e  N-I t r a n s i t i o n  is o n l y  0.35% w h i l e  t h a t  f o r  t h e  
m e l t i n g  t r a n s i t i o n  i s  a b o u t  l l g . ’  I n  c o n t r a s t ,  o u r  r e s u l t s  
( T a b l e s  I and  11) show t h a t  for t h e  main-cha in  p o l y e s t e r s  
s t u d i e d  AV f o r  t h e  K-N t r a n s i t i o n  i s  v e r y  small  and  compa- 
r a b l e  i n  magni tude  t o  AV f o r  t h e  N - I  t r a n s i t i o n .  T h i s  
s u g g e s t s  t h a t  t h e  c r y s t a l s  o f  t h e s e  p o l y e s t e r s  have  a 
h i g h  d e g r e e  o f  i m p e r f e c t i o n .  I t  may a l s o  be r e c a l l e d  t h a t  
r e c e n t  s t u d i e s ’ ’  on t h e  p o l y e s t e r  w i t h  n = 10 ( a l s o  gene-  
r a l l y  r e f e r r e d  t o  a s  D D A - 9 )  i n d i c a t e  a c o l l a p s e  o f  c r y s t a -  
l l i n i t y  i n  t h i s  mater ia l  f o r  p r e s s u r e s  greater  t h a n  4 k b a r .  
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12 F i n a l l y ,  a c c o r d i n g  t o  t h e  F lo ry -Aonca  t h e o r y  T*, 
a c h a r a c t e r i s t i c  t e m p e r a t u r e  wh ich  i s  a m e a s u r e  of o r i e n t a -  
t i o n - d e p e n d e n t  i n t e r a c t i o n s  i n  a s y s t e m  of r i g i d  r o d - l i k e  
m o l e c u l e s ,  c a n  be e x p r e s s e d  a s  
where  S is  t h e  o r d e r  p a r a m e t e r ,  A H O  i s  t h e  N - I  t r a n s i t i o n  
e n t h a l p y  of  t h e  homologues  AH e x t r a p o l a t e d  t o  n +  0 .  
F o r  homologues w i t h  n o d d ,  A H o  N-I'*94 kJ o r  3.01 J /g  ( s e e  
Ref. 13 ) .  A H o  was c o r r e c t e d  f o r  t h e  c h a n g e  i n  s p e c i f i c  
volume (AV) a t  t h e  N - I  t r a n s i t i o n .  The mesogen o r d e r  p a r a -  
meter S was o b t a i n e d  from PMR s p e c t r a . 1 3  The v a l u e  o f  
T* c a l c u l a t e d  f o r  n = o d d  p o l y e s t e r s  comes o u t  t o  be a p p r o -  
x i m a t e l y  300 K ,  similar t o  t h e  v a l u e s  r e p o r t e d  f o r  non-  
c y b o t a c t i c  n e m a t i c s  ( s e e  T a b l e  1 1 ) .  On t h e  o t h e r  h a n d ,  
for t h e  n =  e v e n  s y s t e m s  Av(n )  v s .  n i s  n o t  l i n e a r  a n d  
T* c o u l d  n o t  be r e l i a b l y  c a l c u l a t e d .  T h i s  i s  p r e s u m a b l y  
b e c a u s e  of t h e  s t r o n g  ' c y b o t a c t i c '  ( o r  s m e c t i c - l i k e )  o r 3 e -  
r i n g  i n  t h e  n e v e n  n e m a t i c s .  
mru 
1 4  
I n  v i e w  of t h e  a b o v e  r e s u l t s ,  a d e t a i l e d  h i g h  p r e s s u r e  
x r a y  s t u d y  o f  m a i n - c h a i n  p o l y e s t e r s  would b e  of c o n s i d e -  
r a b l e  i n t e r e s t .  
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